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Amendm ents to the Cl aim s: 

This listing of clam s replaces all prior versions and li stings of claims in the 
application: 

List ing of Claim s: 



1 . (Currently amende*/ ) \n ion trap, comprising: a three- dimensional rotationally 
symmetric ring electrode and two cap electrodes with surfaces facing toward the inside of 
the ion trap, euch stud two ;ap electrodes being further composed of a first cone electrode 
and a second disk electrode: a first means for generating a timc-varymy,. substantially 
quadrupolc field, a second neans for generating an independent dipole field; a third 
means for generating an independent, electrically variable ^e4FHtffcsrt» DChtghcr 
multipole field. 

2. (Withdrawn) An io i ;.rap of claim 65. comprising: a rotationally symmetric ring 
electrode cut, in parallel to its central axis, into an even number, equal or larger than four, 
of equal parts and two cap electrodes with surfaces facing toward the inside of the ion 
trap, said two cap clectrodi being further composed of a plurality of component 
electrodes, the surfaces of >aid ring electrode and cup electrodes being shaped to reduce 
nonlinearity; means for electrically operating said even number of equal parts to switch 
said ion trap operation between a three-dimensional mode and a two-dimensional mode; 
means for generating a lim .'-varying, substantially quadrupolc field, said means further 
compensating the nonlineuritv induced quadrupolc Held distortion when said ion trap 
operating under the ihrce-cimenstonal mode: means for generating a linear RF multipole 
field when said ion trap operating under the two-dimensiona mode, wherein said ion trap 
further includes cutting lik three-dimensional rotationallv s\ nimciric ring electrode, in 
parallel to its central axis, nlo an c\*mi number, equal or larger than four, of equal parts. 

3. (Previously presen cd) An ion trap, comprising: a Lh^e-dimensional rotationally 
symmetric ring electrode /md two cap electrodes with surfaces facing toward the inside of 
the ion trap, each said two cap electrodes being further composed of a first cone electrode 
and a second disk electrod - a RF or periodic circuitry constructed and arranged for 
applying a RF or periodic /ullage to said ring electrode to generate a main quadrupolc 
field in said ion trap: an AC* circuitry constructed and arranged for applying an AC 
voltage to said disk electrvdeN of said two cap electrodes io generate a dipole field in said 
ion trap; a PC circuitry constructed and arranged for applying an PC voltage to said cone 
electrodes of said two cap electrodes to generate an electrically variable electrostatic 
octopole field in said ion imp 
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4. (Currently amende* ) An ion trap of claim I . t he cr oss-secti on of the surface of 
each one of the cap electrodes consists of a first portion of sp^efttrfd-stirfaee- circle and a 
second portion of MflMttttaue two straight lines jointed in orthogonal to the circle; the 
cross-sectional surface of ue ring elecirode consists of a portion of circle and two straight 
lines jointed in orthogonal o the circle: the surfaces of the two cap electrodes facing 
toward the inside of said irn trap. 

5. (Originul) The ion irap of claim 4 wherein said cup ebetroJes being further 
divided into a plurality of *ets of component electrodes. 

6. (Cancelled) 

7. (Previously present :d) The ion imp comprising: u three-dimensional rotational!) 
symmetric ring electrode a id two cap electrodes with surfaces facing toward the inside of 
the ion trap, each &aid two ;<ip electrodes being further composed of a first cone electrode 
and a second disk electrodi : the surface of each one of the cap electrodes consists of first 
portion of spherical surfiic\ and a second portion of cone surit.ee: the cross-sectional 
surface of the ring electrode consists of a portion of circle and two straight lines jointed in 
orthogonal to the circle; ihr surfaces of the two cap electrodes facing toward the inside ol 
said ion trap, said cap electrodes being further divided into a plurality of sets of 
component electrodes, a Kl or periodic circuitry constructed .:md arranged for applying a 
RF or periodic voltage to siid ring electrode to generate a main quadrupole field in said 
ion trap; an AC circuitry Ci intruded and arranged for applying an \C \oltage to a first 
set of said plurality of sets >f component electrodes to generate a main dipole field in said 
ion trap; a DC circuitry coi siructed and arranged for applying an DC voltage to a second 
set of said plurality of sets >f component electrodes to generate an electrically variable 
electrostatic octopole field in said ion irap. 

8. (Withdrawn) A iwi -dimensional ion trap of claim 67, comprising: two trapping 
plates located in the two leminals of the ion trap device: a set of lour predetermined 
surface-shaped rods located in the center: a set of electrodes located between the set four 
predetermined surfaee-sha|>ed rods: a control circuitry for applying a predetermined 
voltage to said two trapping plates. 

9. (Withdrawn) fhe u-n trap of claim 8 further comprising a set ol' short quadrupole 
rods located between said predetermined surface-shaped rod> and said two trapping 
plates. 

10. (Withdrawn) [he ii»n trap of claim 8 wherein said u sel of electrodes being further 
composed of a set of four ^mailer diameter's cylindrical rods 

1 1 . (Withdrawn) The inn trap of claim 8 wherein said a sei of electrodes being further 
composed of a set of four >liee electrodes. 

12. (Withdrawn) The i»»n trap of claim 8 further comprising: wherein said first means 
includes a RF circuitry cor strutted and arranged for applying a IU : voltage to said set ol* 
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four predetermined surface snaped to generate a main iv o dimensional quadrupole 
Held; said second means includes an AC offset circuitry constructed and arranged for 
applying an AC voltage to .i pair of said set of four predetermined surface shaped rods to 
generate a main dipoie lie) 1: said third means includes a DC circuitry constructed and 
arranged for applying a IK voltage to said set of electrodes M superimposes a two 
dimensional electriealh variable electrodes octopolc field wi'.hin slid two dimensional 
quadrupole field. 

13. (Withdrawn) The ii»n trap of claim 8 wherein said predetermined surface-shaped 
is quadrupole surface-shaped. 

14. (Withdrawn) The inn trap of claim 8 wherein said predetermined surface-shaped 
is cylinder surface-shaped. 

15. (Withdrawn) A tan leni mass spectrometers, comprising; u collision cell to 
perform mass fragment. sn«d collision cell ha\ injJL the struetu v of\on trap as in claim K. 

16. (Cancelled) 

1 7 (Withdrawn) The trap oi claim 2 wherein said plurality of even number of 
component electrodes heir g equally divided. 

18. (Withdrawn) The i >r trap of claim 1 wherein said plurality of even number of 
component electrodes beii g unequal!) divided. 

1 9. < Withdrawn) The i m trap of claim 2 wherein said plurality of even number of 
component electrodes beii g symmetrically divided. 

20. (Withdrawn) The i in trap ot eiaim 2 wherein said plurality of even number of 
component elecirodes bcii g non-s\mnietrical!v divided. 

21 . (Withdrawn) The nn trap of claim 17 wherein said even number is chosen from 
the group of four, six and .'ialu. 

22. (Withdrawn) The mi irap of claim 2 wherein said mechanism constructed and 
arranged to apply a RF or x-riodic voltage, with identical polarity or phase, to said 
plurality of even number k f component electrodes to operate said ion trap under the three 
dimensional quadrupole it»n trap mode. 

23. ( Withdrawn) The on trap of claim 2 wherein said plurality of even number oi* 
component electrodes beinv! grouped into a first set composed of odd numbered 
component electrodes and a second set composed of even mannered component 
electrodes, said mechanism constructed and arranged to apply a first RF or periodic 
voltage to the first set ek\ trades, and a second RF or periodic voltage to the second set 
electrodes, to operate said ion trap under the two-dimensional linear ion trap mode: the 
first and second RF or pei iodic voltages having opposite po arities or phase deference ol 
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I KO degree. 

24. (Withdrawn) The it n trap of claim 65 wherein said mechanism being an electrical 
switching device. 

25. (Withdrawn) The it n trap of claim 2 wherein said ion .rap operates to trap 
externa] inlet ions under ih; mo-dimensional linear ion imp mode. 

26. (Withdrawn) The ti n imp of claim 2 wherein said ion .rap operates to analyze the 
trapped ion-mass under the three-dimensional quLidrupole ior imp mode. 

27. (Cancelled) 

28. (Cancelled) 

2<). (Currently amende*. ) Thcjon. traiioT A m e t h od of ope trttfigHW i ion trap in claim 3. 
wherein for eo mpriaing: ^^fm^ the amplitude and frequency of the Rl : voltage or 
amplitude and period of lh»- periodic voltage o f the ion trap b^r inu k e p t at predetermined 
values; nimultaneouKiy swi tfjHRg-or-sc-anni-ng the amplitude of the DC voltage and the 
amplitude and frequency o'the AC \oltagc vs. time of the ion trap hcinft simultaneously 
swept or scanned to eject ion muss from the ion trap one aHer another. 

30. (Currently amende*. ) T he ion trap of A^¥H^wd-e4-V>p^^^^ t ra p in claim 7,. 
wherein fef efl mpri s irre i kt^fHrtg the amplitude and frequency of the RF voltage or 
amplitude and period of tlv periodic voltage of the ion trap being kept at predetermined 
values; simu l taneously sw t-^wBg^-sg tmning the iimplitude of the DC voltage and the 
amplitude and frequency t» 'the AC \oltage vs. time of the jo \ trap being simultane ousl y 
sw ept or scann ed to ejeel inn mass from the ion trap one Lifter anoner. 

31. (Withdrawn) A me hod of operating an ion trap in eluim 12. said method 
comprising: keeping ampli ude and frequency of the RF voltage or amplitude and period 
of the periodic voltage at predetermined values: simultaneous > sweeping or scanning the 
amplitude of the DC votta> e and the amplitude and frequency of the AC voltage vs. time- 
to eject ion mass from the on trap one after another. 

32. (Cancelled) 

33 . (Currently amende* 1 ) 1 he ion trap of A-m othod ol' wi^ int' an ion tr a p in claim ? . 
wherein fey <^ imprisin^> k< ejwvg the frequency of the RF voltage er the period of the 
periodic voltage and the fr :quency of the AC voltage of the u -n trap being kept at 
predetermined values; frim-ikt ffl e ou. s ly sweeping or s canr nttg t ie amplitudes of the RF 
voltage or the periodic vol age. the AC voltage and the DC \ i-hagr vs the time of the ion 
trap being simu l taneously .we pt or scanned to eject ion mass from the trap one after 
another. 

34. (Currently amende I) 1 he io n trap of A-fwethtHk^ ^trefm^a n ion trap in claim 7, 
wher^ifof tfomp rising: kwmg the frequency of the RF voltage or the period of the 
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periodic voltage and the frvjucnex of the AC voltage ofjhc jj»n trap bein u kep t at 
predetermined values: swndtim eo u s l y-sweeping-p r s c www g the uir plitudes of the RF 
voltage or the periodic volt lyc. I he AC voltage and the IK' vo'lage vs the time .oftbcJilU 
trap being si mult aneously *vvept or sca nned to eject ion mass from Ihe trap one after 
another. 

35. (^Withdrawn) A mclnod of operating an ion trap in 12. -laid nethod comprising: 
keeping the frequency of tl-e RF voltage or the period of the periodic voltage and the 
frequency of the AC voltage at predetermined values: Simulv.ineoisly sweeping or 
scanning the amplitudes o; the RK \oltage or the periodic voliage. s he AC voltage mid the 
DC voltage vs the time to u jcei ion mass from the trap one af er another. 

36. (Cancelled) 

37. (Currently amcndei » The ion trap of A-4tteri^H^\>fWfWtt^ n ion trap in claim 3. 
wherein fef eemamwg- fc*ef wig we irin g the frequency of the AC \ Milage bcin&j&Lt" 
zero; s e tting the amplitude of ihe AC \oltagc bei ng &et to be diftercnt from the amplitude 
of the DC voltage or zero: > ieepirtg -thc frequency of the RF \ .lltnge or the period of the 
periodic voltage of t he ion trap Jheing kept at predetermined value; Simult an e ous ly 
s weeping ere ewmng the amplitudes of the RK voltage and DC voltage vs. time ofjhe 
ion tra p being; sjmiiha^ to eject ion mass from the trap one after 
another. 

38. (Currently amended) J hejsjnjninjaf AHFneU^^tl^f^jra^^-aft4wv4Ftt^ claim 7, 
wherein for co mprisin g* keep ing net ting the frequency of the AC voltage bejmgjLeUo 
zero; setting the amplitude of the AC ' voltage being scuo be :dffei:enl from the amplitude 
of the DC voltage or zero: keepmgrthe frequency of the Rl ; \ ullage or the period of the 
periodic voltage of the ion trap beinu kept at predetermined *;iliic\ kima kaneou s l y 
sweeping or soaiHiing the amplitudes of the RF voltage and DC voltage vs. time ofthe 
io n trap be i m>_ si multane ously s\wpjjitisranned to eject ion i ias* from the trap one after 
another. 

39. (Withdrawn) A niahod of operating an ion trap in cla.m \2. said method 
comprising: setting the frequency ofthe AC \oltage to /.em: setting the amplitude ofthe 
AC voltage to be difTerem from the amplitude ofthe DC voltage er zero; keeping the 
frequency ofthe RF voltat.e or the period ofthe periodic voltage at predetermined value. 
Simultaneously sweeping >r scanning the amplitudes ofthe U ; voltage and DC voltage 
vs time to eject ion mass Vom the trap one after another. 

40. (Cancelled) 

41. (Currently amend*, di I he ion trap of claim 3 wherein said DC circuitry eempfrited 
^adjusts said electricalb variable electrostatic octopole field to compensate distortion of 
said quadrupole field. 

42. (Currently amendv ch LM.ionjmp m e tho d of claim 2* wherein said ion trap is 
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sealed in a vacuum chamh r which i> further pumped h\ a vacuum pump to provide a 
predetermined level of gas pressure in the trap, sajdjojiJj^ 

the RF voltage, the DC vuhage and the AC voltage along witii the aas pressure in the trap 
to eject the ions of the ion rap u ith maximum or near oplimul jumping distance 1o 
optimize the mass resolvin i power. 

43. (Original) An ion nap system, comprising: an ion trap as in claim 3. sealed within 
a vacuum chamber being pumped by a vacuum pump to prw ide gas pressure in the ion 
trap. 

44. (Original) An ion Tap system, comprising: an ion trap as ir claim 7. sealed within 
a vacuum chamber being r umped by a vacuum pump to pro\ ide gas pressure in the ion 
trap. 

45. (Withdrawn) An irn trap svstcm. comprising: an ion ;rap as in claim 12, sealed 
within a vacuum chamber >ving pumped by a vacuum pump to provide gas pressure in 
the ion trap. 

46. (Cancelled) 

47 (Original) The ion snip system of claim 43 w herein said vacuum chamber having 
vacuum in the range bctwren 10. sup. -2 to 10.sup.-l mbar. 

48. (Original) The ion trap system of claim 43 wherein said DC circuitry being 
constructed and arranged lor applying an DC voltage to adjust the intensity of said 
electrically variable electrostatic octopole field in said ion trap to optimize the mass 
resolving power when saic: i»as pressure is higher. 

49. (Currently amende J ) An ion tr ap sv stcm A-mcHkiHHHr--pRwk^^ 

trap syst e ro -of claim 43. \\ herein.*** m pri sing: introd ucing gas-phase molecules beiing 
introduced throtigh a membrane into an ionization area: ^w^hh* said gas-phase 
molecules being ionized h> a radioactive Ni beta source or multi-photon ionization of 
laser. 

50. (Original) The ion trap system of claim 44 wherein said vacuum chamber having 
vacuum in the range bctw .vn IO.sup.-2 to I0.sup.-1 mbar. 

5 1 . (Original) The ion trap system of claim 44 wherein said DC circuitry being 
constructed and arranged or applying an DC voltage to adjist the intensity of said 
electrically variable electr static oclopole field in said ion trup io optimize the mass 
resolving power when sai I ?ias pressure is higher. 

52. (Currently amend* cl > An ion t rap svstc m A4yH^^fe^fHH?vki fflg i o n » into -ieft 
mtp syst e m of claim 44. whe rein compri ii inu: w iimduc mg gas-phase molecules being 
in troduced through a membrane into an ionization area: iemi4ag-said gas-phase 
molecules being ionized by a radioactive Ni beta source or multi-ohoton ionization of 
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laser. 

53. i Withdrawn) The u n trap system of claim 45 wherein said vacuum chamber 
tufting vacuum in the ranur between 10.sup.-2 to 10. sup.- 1 it bar. 

54. (Withdrawn) "['he it n trap system of claim 45 whereir said DC circuitry being 
constructed and arranged tor applying an DC voltage to adjuM the ntensity of said 
electrically variable electrrslutic ociopole field in said ion trap u> optimize the mass 
resolving power when said gas pressure is higher. 

55. (Withdrawn) A me hod for providing ions into ion tn.p sys-em of claim 45. 
comprising: introducing gi s-phase molecules through a membrane into an ionization 
area; ionizing said gas-phase molecules by a radioactive Nii htu source or multi-photon 
ionization of laser. 

56. (Cancelled) 

57 (Cancelled) 

58 (Cancelled) 

59. (Cancelled) 

60. (Cancelled) 

61 . (Original) A three-dimensional ion trap, comprising: \ set of cap electrodes, each 
of said cap electrodes bcirg further divided into a predeiermi icd number of component 
electrodes having predetei mined shape, a DC circuitry constructed and arranged for 
applying an DC voltage tr a pair of said component electrodes of said cap electrodes to 
generate an independent e eetriealK variable electrostatic octopoli: Held in said ion trap. 

62. (Withdrawn) An ion trap, comprising: a ring electrode, thw ring electrode being 
divided, in parallel to its .entrai axis, into a plurality of ever number of component 
electrodes, said componeH electrodes being electrically isoLned from each other; a 
mechanism constructed and arranged for switching said ion trap to operate between a 
three-dimensional quadru xJo ion trap mode and a two-dimensional linear ion trap mode. 

63. (Withdrawn ■ The on trap of claim 62 wherein said 'ing eleeirode is a cylindrical 
ring electrode. 

64. (Currently amended) fhe ion trap of claim I whereh said ion trap ftjrtht* 
j^^e^^etwm^neai^ a nulv/.es to ions mass tH^K^-^aHt-ftwarts by utilizing the 
independent, electrically .unable eteewi«^l)£l^ fded- 
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65. (Withdrawn) The it n imp of claim I wherein said ion \rap further includes a 
mechanism lor electrical!) switch said ion trap 10 operate bet Avon -i three-dimensional 
mode and a two-dimensional mode. 

66. i. Withdrawn) An io i imp of claim 2. said means tor c:ectricall> switch includes 
operating said even number of equal parts to switch said ion uap operation between a 
three-dimensional mode ard a two-dimensional mode and wherein said ion trap further 
includes means for general nu a linear R\ : multipolc field \sn:n said ion trap operating 
under the two-dimensional mode. 

67. (Withdrawn) A l l u>- dimensional ion trap, eomprisi lg: a irsl means for 
generating a time-varying, iwo-dimensional substantial!} quadrupok Held, a second 
means for generating an in iependent dipole field; a third means for superimposing an 
independent, two-dimensh nal electrically variable electrostn .ic mukipole field. 

68. (Cancelled) An ion trap, comprising: a three-dimensional n nationally symmetric- 
ring electrode and two cap electrodes with surfaces lacing toward ihe inside of the ion 
trap, each said two cap ekvtrodcs being further composed of a firs cone electrode and a 
second disk electrode: a tn*t circuitry for generating a time-varying, substantially 
quadrupole field, a second circuitry for generating an ind'epenJenl dipole field; a third 
circuitry for generating an independent, electrically variable electrostatic multipolc Held. 
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